Revealing prior austenite grain boundaries by thermal etching has been demonstrated to be a reliable and fast method compared to chemical etching for microalloyed carbon steels. However, sometimes visualisation of the thermally etched prior austenite grain boundaries is hindered by the presence of grain boundaries of other phases (e.g. ferrite and/or pearlite) which are thermally etched during slow cooling from high temperature. This work shows that, under these conditions, the use of Nomarski Differential Interference Contrast microscopy under bright field illumination helps to highlight the thermally etched prior austenite grain boundaries.
Introduction.
Determining the prior austenite grain size in steels remains is extremely important for metallurgists due to its key influence on the transformations taking place during cooling and, thus, on the final properties. With new steels coming to the market every year, reliable procedures to reveal the prior austenite grain boundaries in a wide range of steel compositions are needed.
The thermal etching method has been demonstrated to be a reliable and fast method for revealing the prior austenite grain boundaries in carbon microalloyed steels [1, 2] , but, technically, this technique can be applied to any other alloy. It only requires the preparation of a finely polished surface of the specimen (1 µm diamond cloth) and the application of high vacuum conditions during the heat treatment to avoid oxide formation that would darken the polished surface. At high temperatures, preferential diffusion takes places at the intersection of the austenite grain boundaries and the free polished surface, forming grooves of approximately 1-2 µm in width ( Fig. 1 [3] ). After heating, slow cooling is generally preferred to fast cooling because the latter promotes the formation of surface reliefs due to martensitic and/or bainitic transformations.
However, in certain cases, the phases formed during cooling (ferrite, pearlite, precipitates) can hinder/mask the prior austenite grain boundaries formed at high temperature as it will be shown in this work. This study shows that using Nomarski differential interference contrast microscopy (from now on referred to as Nomarski microscopy) under bright field illumination helps to reveal the prior austenite grain boundaries compared to other phase boundaries. Nomarski microscopy, invented by G. Nomarski in the mid-1950s [4, 5, 6] , has been commonly used to image specimens which contain poor optical contrast when viewed using bright field illumination. Using Nomarski microscopy, microtopographic differences on the surface of the specimen are thrown into sharp relief, permitting better resolution of micro-textures. Examples can be found in the scientific literature where Nomarski microscopy has been applied in addition to bright field reflection illumination [7, 8] but, to the authors' knowledge, no paper has described the use of this technique in highlighting thermally etched prior austenite grain boundaries of microstructures lacking good contrast under bright field illumination. As a demonstration, a low carbon steel has been investigated in this work.
Materials and Procedures.
The chemical composition of the steel under investigation is given in Table 1 . Experimental details regarding the processing of the steel and the initial microstructure can be found elsewhere [9, 10] . Machined cylindrical dilatometric specimens of 10 mm in length and 4 mm in diameter were used for this investigation. In order to reveal the prior austenite grain boundaries by thermal etching, these specimens were first mounted in bakelite and, then, a surface of 2-3 mm in width was polished parallel to the main axis of the cylinder using standard metallographic techniques, finishing with 1 µm diamond cloth. The specimens were then carefully removed from the bakelite to avoid damaging the polished surface. The heat treatments were carried out in a Bahr 805D high resolution dilatometer under high vacuum conditions (10 -5 mbar) to prevent oxide formation on the polished surface. The specimens were heated following a multi-step cycle: 1)
heating rate of 14 ºC/s up to 650 ºC; 2) heating rate of 6.6 ºC/s up to 900 ºC; and 3) heating rate of 2 ºC/s up to the final austenitization temperature above the Ac 3 temperature (for this steel, Ac 3~9 041 ºC) and held for 600 s. After the austenitization heat treatment, specimens were cooled to room temperature at an average cooling rate of 5 ºC/s. Two different austenitization temperatures have been investigated, 1000 and 1150 ºC, with the aim of obtaining significantly different prior austenite grain sizes. The metallographic inspection of the as-heat treated specimens was carried out with an optical microscope Nikon Epiphot 200 using Nomarski microscopy under bright field reflection illumination.
Results and Discussion.
Figure 2 shows images obtained for specimens heat treated at 1000 ºC for 600 s. At low magnification, the bright field image in Figure 2a ) shows a network of grain boundaries which, except for a few grains, it is difficult to differentiate those corresponding to prior austenite grain boundaries or to ferrite grain boundaries, these latter phase boundaries also being thermally etched during cooling. Using Nomarski microscopy (Figure 2b the majority of the prior austenite grain boundaries, although weakly revealed, can just be distinguished using bright field illumination (Figure 2c) ). However, after using bright field illumination combined with Normaski microscopy (Figure 2d) ) the prior austenite grain boundaries are now clearly outlined and the prior austenite grain size can be measured more accurately. In addition, Figure 4f shows that the positions of ghost prior austenite grain boundaries compared to the actual prior austenite grain boundaries generated just before cooling, helps to show the direction of movement of the prior austenite grain boundaries (direction of the dashed arrows) during austenite grain growth. 
Conclusions.
It has been demonstrated that the use of Nomarski differential interference contrast microscopy under bright field illumination significantly improves the observation of prior austenite grain boundaries revealed by using thermal etching methods compared to the use of bright field illumination alone. Furthermore, the approach described in this work enables the direct understanding of the relationship between the prior austenite microstructure at high temperatures and the microstructure (phases) obtained after cooling to room temperature. Table 1 Figure 1a 
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